1. Introduction {#s0005}
===============

A defining characteristic of incentive-motivational models of addictive behaviours is that ongoing use and misuse of substances leads to an increase in the salience of drug-related cues ([@bb0075], [@bb9000]). It has been argued that with repeated behavioural enactment an attentional bias towards these concern-related stimuli develops, meaning that they are detected automatically (without conscious awareness), which results in the desire to undertake associated behaviour (see [@bb0070], [@bb0075]). Utilising various experimental tasks (e.g. modified Stroop, eye tracking technology, flicker induced change blindness, dot probe), attentional biases for concern-related stimuli have been identified in a variety of habitual behaviours including alcohol use (e.g. [@bb0175]), cannabis use (e.g. [@bb0030]), smoking (e.g. [@bb0010]), and sex-related activity ([@bb0080]). The role of automatic processes for the cognition of addiction-related cues has been the subject of theoretical debate ([@bb0005], [@bb0120], [@bb0125], [@bb0140], [@bb0210]). It is argued that problem drinkers have a memory structure for alcohol-related concepts that is generated at an implicit level ([@bb0190]; [@bb0195], [@bb0240], [@bb0245]). In other words, alcohol users, and other substance abusers, do not have control over attention to relevant stimuli and activation of appropriate memory structures that, in turn, may guide behavioural responses to such cues ([@bb0085], [@bb0110], [@bb0155], [@bb0130]). If this is the case then alcohol users should show greater pre-occupation with alcohol-related stimuli compared to non-alcohol-related stimuli. This effect has been shown to be consistent across studies using free association memory activation paradigms amongst alcohol users and other substance users (e.g. [@bb0110], [@bb0185]), psychobiological measures (e.g. [@bb0085], [@bb0090]) and other implicit correlates of alcohol-related problems (e.g. [@bb0020], [@bb0035], [@bb0060], [@bb0065], [@bb0100], [@bb0145], [@bb0160], [@bb0225]; see [@bb0025]).

In work which has utilised a modified Stroop task ([@bb0205]), in which participants are asked to ignore a presented word and respond to the colour in which the word appears, it is found that alcohol-related words show increased response latencies in comparison to neutral words amongst problem drinkers (e.g. [@bb0015], [@bb0175]). Theoretically, this effect has been explained in terms of the automatic activation of a semantic network related to alcohol (e.g. [@bb0040], [@bb0050], [@bb0075], [@bb0175]). If this explanation were reasonable it would predict that such an effect would also be apparent amongst a sub-group of non-problem drinkers. Few studies have addressed this issue by comparing high and low consuming non-problem drinkers. [@bb0045] and [@bb0035] reported no interference from alcohol-related words in either group whereas [@bb0175] and [@bb0020] demonstrated that within a high consuming group of non-problem drinkers there was significant interference. One aim of the present study was to provide further evidence for an alcohol Stroop effect amongst high consuming social drinkers.

Although the preferred explanation for interference amongst problem and non-problem social drinkers is that repeated engagement in drinking behaviour strengthens the semantic network related to alcohol, other not incompatible explanations are possible. One relates to the frequency of exposure to alcohol-related stimuli. This frequency of exposure explanation suggests that problem drinkers have a greater pre-exposure to alcohol-related stimuli that acts to prime the related semantic network which manifests itself in increased interference compared to non-problem drinkers. Using a modified Stroop, [@bb0175] have provided some evidence against this hypothesis showing that amongst problem drinkers there was no increase in the interference (reaction time to alcohol stimuli minus neutral stimuli) when alcohol-related stimuli were repeated. This data suggested a reduction in this interference with repetition, which supports a habituation response, and is consistent with evidence from other studies that show a reduction in the modified Stroop effect (and other measures of attention) after intervention through repetition (see [@bb0230]; see [@bb0250]). For example, [@bb0115] showed a decrease in attentional bias (using a modified Stroop) for heroin-dependent individuals after cue exposure treatment or placebo conditions. Similarly, [@bb0170] found a decrease in attentional bias (measured with the dot probe task) amongst heavy drinkers who had undertaken an attentional retraining programme. This issue has also been investigated by comparing spouses of patients with a control group since spouses are assumed to have been exposed more frequently to concern-related cues than control participants. [@bb0130] showed no greater interference for gambling-related stimuli in a group of spouses of gamblers and a control group. The current paper attempts to address this version of the frequency of exposure explanation by comparing two groups of social drinkers. A control group of social drinkers was compared to an experimental group who worked in an alcohol-related environment. It is predicted that if frequency of exposure moderates the interference from alcohol-related stimuli then the experimental group should show greater interference than the control group.

A second explanation relates specifically to the drinking behaviour of individuals as a measure of frequency of exposure rather than to exposure to general alcohol cues in the environment. If drinking behaviour is a viable exposure cue there should be increased interference for alcohol related stimuli in comparison to neutral stimuli for those individuals who drink more alcohol on more occasions. In the present study a quantity--frequency measure of drinking behaviour was used to compare social drinkers. If interference from alcohol-related stimuli is greater amongst those who consumed greater amounts of alcohol on more occasions when compared to those who consume less on fewer occasions, it could be argued that drinking behaviour per se as a measure of frequency of exposure moderates any interference effects.

2. Method {#s0010}
=========

2.1. Participants {#s0015}
-----------------

Forty-five undergraduate university students took part in the study. Participants were divided into low exposure (N = 22) and high exposure (N = 21) groups on the basis of whether participants currently worked in a bar or pub. The high exposure group (mean = 18.14 h per week, SE = .90, range 11--26 h per week) reported a significantly greater number of hours spent in bars/nightclubs/pubs (including work time) than the low exposure group (mean = 7.77 h per week, SE = .61, 1--10 h per week), t(41) = 9.62, p \< .001. For analyses involving the specific effects of participants\' alcohol consumption a median split was carried out on a quantity--frequency measure of alcohol consumption derived from the multiple of two questions of the AUDIT questionnaire (i.e. 'How often do you have a drink containing alcohol?' (scored 0--4) and 'How many drinks containing alcohol do you have on a typical day when you are drinking?' (each scored 0--4)). Possible range of scores for this measure was 0--16. Participants were divided into either high consumption (N = 21, mean = 7.38, SE = .55, range 4--12) or low consumption (N = 22, mean = 1.22, SE = .25, range 0--3) groups accordingly.

2.2. Design {#s0020}
-----------

A 2 × 2 × 2 × 5 factorial design with Exposure Group (high, low) and Consumption Group (high, low) as between-participant factors and Word Type (alcohol, neutral) and Block (1--5) as within-participant factors was used. The first five neutral words were presented as part of one block, the second five as part of another block and so on for a total of five blocks (see the [Materials](#s0025){ref-type="sec"} section for the words used). In each of the five blocks a different set of five words were used. Words across the five blocks were counterbalanced using a Latin square design. Each of the words was presented in each of four ink colours, red, green, blue and brown giving 20 stimuli per block. These twenty stimuli were randomised with the restriction that an identical word or colour could not repeat itself on consecutive trials. This formed one block in the stimulus array. Five such blocks were formed to produce 100 neutral category stimuli. The same design was used for the alcohol related words producing 100 alcohol related stimuli. For half the participants the alcohol stimuli were presented before the neutral stimuli and for the other half the neutral stimuli were presented before the alcohol stimuli. There was a short break of about 1 min at the end of one stimulus set and the beginning of the second stimulus set.

2.3. Materials {#s0025}
--------------

The words used in the experiment were all presented in capital letters and were as follows.

Neutral category (environmental features) words: BOG, RAVINE, VALLEY, BRIDGES, PEBBLE, COVE, CRAGS, LEAVES, PLAIN, GEYSER, TRENCH, CANAL, INLET, HARBOR, TREE, SWAMP, MOSS, HILL, TUNNEL, CLIFF, HOLLOW, MEADOW, WINDS, FOG, OCEAN.

Alcohol words: PUB, LIQUEUR, WINE, COCKTAIL, BREWERY, BREW, CIDER, SPIRITS, LIQUOR, TAVERN, MEAD, STOUT, BOOZE, DRUNK, BITTER, SCOTCH, SHERRY, BAR, BOURBON, SALOON, ALCOHOL, WHISKEY, PORT, GIN, BEER.

Neutral words were selected from the category of environmental features, as used previously by [@bb0135] and [@bb0175]. The words used for the environmental features and alcohol categories were selected as follows: First, a number of words that the authors thought might belong to this category were selected and then rated by four judges on a five point (0--4, bad--good) scale as to category membership. Using a criterion of at least three out of four judges giving a rating of 2 or more, the selected words were then matched for word frequency and word length using [@bb0105]. Mean word frequency did not significantly differ between alcohol (mean = 20.6, sd = 23.10) and neutral (mean = 21.04, sd = 23.01) words, t(48) = 0.067, p \> 0.9, and word length did not differ significantly between alcohol (mean = 5.36, sd = 1.44) and neutral (mean = 5.16, sd = 1.03) words, t(48) = 0.565, p \> 0.5. Also word frequency and word length were matched between the five blocks.

All stimuli were presented using a Viglen 386 PC computer. A turbo basic programme controlled stimulus presentation and collected response latencies with an accuracy of 1 ms. Participants sat approximately 60 cm from the computer screen with each word of the dimensions 0.6 cm high (0.6° of visual angle) and approximately 2 cm wide (2° of visual angle).

2.4. Procedure {#s0030}
--------------

The procedure was identical to that reported by [@bb0175]. The task involved presenting a single colour-word at the centre of a white coloured video screen. Each stimulus remained on the screen until a response was made. Following the participants\' response the next stimulus was presented immediately.

Participants were introduced to the task as a colour perception task. They were instructed to ignore the words and make a key-press response to the colour of the ink as quickly and as accurately as possible. If any errors were made they were asked not to correct themselves. Before conducting the experiment all participants were given two practice sessions involving 100 repeated letter strings (e.g. XXXX). A short break was given between each of the two practice sessions and the beginning of the experimental session.

Prior to the experimental session participants were informed that real words were going to be presented but were not informed of the nature of these words. All responses were made using one of four buttons by positioning the index and middle fingers from each hand on top of each of the buttons. Each button was labelled with one of four words written in black ink, BLUE, BROWN, RED and GREEN. Half the participants received the red and green labels on the left hand and the blue and brown labels on the right hand and the other half in reverse order.

After completing the alcohol Stroop task participants were asked to complete two questionnaires. The AUDIT ([@bb0165]) was used to measure harmful drinking. Because previous work has shown that state anxiety and trait anxiety to be associated with increased interference ([@bb0250]) the State--Trait Anxiety Inventory ([@bb0180]) was also presented.

3. Results {#s0035}
==========

3.1. Analysis of response latencies {#s0040}
-----------------------------------

The mean correct reaction times (RT) were analysed using a 4-way ANOVA with Exposure Group (low, high) and Consumption Group (low, high) as between-participant factors and Word Type (alcohol, neutral) and Block (1--5) as within-participant factors. Results showed that the colour identification of alcohol words (1031 ms) took longer than neutral words (981 ms), F(1,39) = 9.97, p \< .003, Eta^2^ = .87. A significant Word Type × Exposure Group interaction showed increased interference scores (RT alcohol--RT neutral) for the high exposure group compared to the low exposure group, F(1,39) = 4.36, p \< .05, Eta^2^ = .53 (see [Table 1](#t0005){ref-type="table"}).Table 1Mean correct reaction times in milliseconds (standard errors in parentheses) to respond to the colour of alcohol and neutral words for exposure groups and consumption groups.Exposure GroupWord TypeInterference score (alcohol--neutral)NeutralAlcoholLow exposure1006.57 (27.58)1020.19 (31.97)13.62 (17.38)High exposure966.44 (35.51)1052.91 (42.87)86.47 (25.44)Low consumption1009.02 (27.02)959.82 (36.65)50.88 (22.30)High consumption952.80 (75.78)1026.58 (62.63)50.81 (24.51)Total984.93 (22.76)1035.80 (26.77)50.87 (14.99)

In addition a Word Type × Exposure Group × Consumption Group interaction was found, F(1,39) = 4.62, p \< .04, Eta^2^ = .55. To explore this finding interference scores for the Exposure Group × Consumption Group interaction term were calculated and included in a two-way ANOVA. This interaction was shown to be significant, F(1,39) = 4.62, p \< .03, Eta^2^ = .55 (see [Fig. 1](#f0005){ref-type="fig"} and [Table 2](#t0010){ref-type="table"}). Simple effects analyses within the low consumption group showed increased interference for the high exposure group relative to the low exposure group, F(1,20) = 12.19, p \< .01, Eta^2^ = .91. No effect was shown within the high consumption group by exposure, F(1,19) = .002, p \> .05, Eta^2^ = .05. In addition, the simple effect within the low exposure group showed increased interference for the high consumption group, F(1,20) = 4.75, p \< .05, Eta^2^ = .55, while the simple main effect of consumption was not significant in the high exposure group, F(1, 19) = 1.41, p \> .05, Eta^2^ = .02. Moreover, within the high consumption group the magnitude of the overall interference was shown to be significant, one-sample t(20) = 2.07, p \< .05.Fig. 1Mean correct interference scores (alcohol RT--neutral RT) for consumption groups and exposure groups.Table 2Mean correct reaction times in milliseconds (standard errors in parentheses) to respond to the colour of alcohol and neutral words for combinations of exposure and consumption groups.Exposure--Consumption GroupWord TypeInterference score (alcohol--neutral)NeutralAlcoholLow consumption--low exposure (N = 12)1027.01 (44.73)1008.78 (52.49)− 18.23 (29.62)Low consumption--high exposure (N = 10)975.90 (48.95)1090.62 (57.68)114.72 (32.43)High consumption--low exposure (N = 10)982.06 (49.00)1033.89 (57.50)51.83 (32.44)High consumption--high exposure (N = 11)939.61 (46.72)989.49 (54.82)49.88 (30.93)

In addition, there was no significant interaction between Exposure Group, Consumption Group, Word Type and Block showing that there was no increase or decrease in interference scores with repeated exposure to alcohol words for either high or low consumption groups or high and low exposure groups, F(4, 156) = .233, p = .92, Eta^2^ = .10. All other main and interaction effects were not significant (ps \> .05).

3.2. Analysis of errors {#s0045}
-----------------------

Errors were not subjected to inferential statistics since very few were made. The error rates were: High exposure group (alcohol words = 1.9%, neutral words = 1.8%); low exposure group (alcohol words = 2.7%, neutral words = 1.6%); high consumption group (alcohol words = 1.8%, neutral words = 1.5%); low consumption group (alcohol words = 2.5%, neutral words = 1.5%).

3.3. Analysis of AUDIT, state anxiety and trait anxiety {#s0050}
-------------------------------------------------------

AUDIT, state anxiety and trait anxiety scores were analysed using 2-way ANOVAs with Exposure Group (low, high) and Consumption Group (low, high) as between-participant factors. Results showed no differences between low exposure and high exposure for AUDIT score, F(1, 39) = .36, p = .55, Eta^2^ = .09, state anxiety, F(1, 39) = .04, p = .85, Eta^2^ = .05, or trait anxiety, F(1, 39) = .63, p = .43, Eta^2^ = .12. Low consumption and high consumption groups were also not shown to differ for state anxiety, F(1, 39) = .01, p = .92, Eta^2^ = .05, or trait anxiety, F(1, 41) = .012, p = .913, Eta^2^ = .05. The finding that AUDIT scores differed between consumption groups, F(1, 39) = 30.35, p \< .001, Eta^2^ = 1.00, confirms the differentiation in terms of a median split adopted for this factor (see [Table 3](#t0015){ref-type="table"}). All interaction effects were not significant (ps \> .05).Table 3Means and standard errors (in parentheses) for AUDIT, state and trait anxiety scores by exposure groups and consumption groups.Exposure--Consumption GroupQuestionnaire measuresAUDITState anxietyTrait anxietyLow consumption--low exposure6.42 (1.28)35.25 (3.29)42.42 (3.35)Low consumption--high exposure5.70 (1.41)41.10 (3.56)44.00 (3.69)High consumption--low exposure14.00 (1.42)40.10 (3.60)47.20 (3.67)High consumption--high exposure13.09 (1.34)35.55 (3.44)40.00 (3.50)

4. Discussion {#s0055}
=============

Results of this study demonstrate an attentional bias towards alcohol cues amongst heavy non-problem social drinkers. It is interesting to note that the group of non-problem drinkers in the present sample had AUDIT scores comparable to the non-problem drinkers reported in [@bb0175]. This replicates findings reported by [@bb0175] and supports the view that there is a sub-group of social drinkers for whom a semantic network related to alcohol can be activated automatically. The purpose of this study was to test a frequency of exposure hypothesis, which suggests that mere exposure to alcohol-related cues might be sufficient to generate an attentional bias.

We tested this hypothesis in two ways. We first asked the question, does mere exposure to alcohol related cues over time (i.e. across experimental blocks) in the modified Stroop task produce increased interference from alcohol words. If this were the case the argument would be that repeated exposure to alcohol stimuli creates such interference. Our results showed this not to be the case. There was no evidence that interference significantly increased with repeated exposure to alcohol stimuli during the experiment and supports earlier findings ([@bb0175], [@bb0250]).

We then examined whether there was greater interference from alcohol-related stimuli in a group of individuals who are exposed more frequently to an environment rich in alcohol-related cues, operationalised here as number of hours spent in bars/pubs/nightclubs per week. Results showed that this measure of frequency of exposure interacted with drinker type to produce greater interference from alcohol words. The pattern of results indicates that frequency of exposure per se is not important in understanding attentional disruption from alcohol stimuli amongst social drinkers. Amongst the heavy social drinkers, there was no difference between those in the high and low exposure groups. This finding is consistent with other evidence not showing an increase in interference with increased exposure ([@bb0130], [@bb0175]). However, we found that light drinkers who are exposed to environmental cues through spending more time in a bar showed significantly greater interference than those who had not been exposed to such cues. This group of light drinking, high exposure participants demonstrated a statistically equivalent interference from alcohol related stimuli to the heavy drinkers. It seems therefore that the role of environmental cue exposure for attentional disruption is especially important for those individuals who do not consume much alcohol.

The question now becomes, why should this be the case? One possible answer concerns the nature of the cues to which a person is exposed. Drinking behaviour and spending time in a bar differ in as much as the former can be seen as involving a person actively manipulating alcohol-related cues, while the latter can be seen as a person being the passive recipient of alcohol-related cues. Amongst the heavy drinkers, it seems that the active engagement with the alcohol-related cues in their environment (i.e. drinking) is sufficient to lead to the development of an attentional bias. The finding that increased passive exposure to such cues did not lead to increased interference amongst this group suggests a threshold model, whereby these individuals are less sensitive to passive environmental cues. This is supported by the differential levels of interference observed amongst light drinkers who were passively exposed to alcohol-related cues. Previous research has demonstrated that the active engagement in drinking is not sufficient to produce interference effects amongst this group ([@bb0175]; [@bb0225]). The implication of the present findings is that, for light drinkers, passive environmental cue exposure can lead to the development of attentional biases for alcohol-related cues. Importantly, passive and active exposure does not seem to produce a cumulative increase in interference.

As this study reports findings from a relatively small sample, future research should explore the role of passive exposure and active drinking engagement to further understand this effect. In addition, while passive exposure was operationalised here as the number of weekly hours spent in bars and nightclubs, it would be useful to examine the nature of this exposure --- for instance, whether individuals are working or socialising in these environments. Previous research exploring attentional biases amongst non-drinkers demonstrated that such biases can be detected amongst individuals who abstain for religious reasons ([@bb0150]), so it would be interesting to examine whether groups of individuals such as healthcare professionals -- who are frequently exposed to the negative consequences of alcohol -- develop biases which differ from other professionals such as bar staff. This kind of further study will add to our understanding of the nature of attentional biases in this field, in terms of the extent to which they directly or indirectly motivate prospective drinking behaviour.
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